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DESCRIPTION 



ELECTROLUMINESCENT DISPLAY DEVICES 



5 This invention relates to electroluminescent display devices, particularly 

active matrix display devices having thin film switching transistors associated 
with each pixel. 

Matrix display devices employing electroluminescent, light-emitting, 

10 display elements are well known. The display elements may comprise organic 
thin film electroluminescent elements, for example using polymer materials, or 
else light emitting diodes (LEDs) using traditional lll-V semiconductor 
compounds. Recent developments in organic electroluminescent materials, 
particularly polymer materials, have demonstrated their ability to be used 

15 practically for \rtdeo display devices. These materials typically comprise one or 
more layers of a semiconducting conjugated polymer sandwiched between a 
pair of electrodes, one of which is transparent and the other of which is of a 
material suitable for injecting holes or electrons into the polymer layer. The 
polymer material can be fabricated using a CVD process, or simply by a spin 

20 coating technique using a solution of a soluble conjugated polymer. Ink-jet 
printing may also be used. Organic electroluminescent materials exhibit diode- 
like l-V properties, so that they are capable of providing both a display function 
and a switching function, and can therefore be used in passive type displays. 
Alternatively, these materials may be used for active matrix display devices, 

25 with each pixel comprising a display element and a switching device for 
controlling the current through the display element. 

Display devices of this type have current-addressed display elements, 
so that a conventional, analogue drive scheme involves supplying a 
controllable current to the display element. It is known to provide a current 

30 source transistor as part of the pixel configuration, with the gate voltage 
supplied to the current source transistor determining the current through the 
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display element. A storage capacitor holds the gate voltage after the 
addressing phase. 

Figure 1 shows a known pixel circuit for an active matrix addressed 
electroluminescent display device. The display device comprises a panel 
5 having a row and column matrix array of regularly-spaced pixels, denoted by 
the blocks 1 and comprising electroluminescent display elements 2 together 
with associated switching means, located at the intersections between 
crossing sets of row (selection) and column (data) address conductors 4 and 
6. Only a few pixels are shown in the Figure for simplicity. In practice there 
10 may be several hundred rows and columns of pixels. The pixels 1 are 
addressed via the sets of row and column address conductors by a peripheral 
drive circuit comprising a row, scanning, driver circuit 8 and a column, data, 
driver circuit 9 connected to the ends of the respective sets of conductors. 

The electroluminescent display element 2 comprises an organic light 
IS emitting diode, represented here as a diode element (LED) and comprising a 
pair of electrodes between which one or more active layers of organic 
electroluminescent material is sandwiched. The display elements of the array 
are carried together with the associated active matrix circuitry on one side of 
an insulating support. Either the cathodes or the anodes of the display 
20 elements are formed of transparent conductive material. The support is of 
transparent material such as glass and the electrodes of the display elements 
2 closest to the substrate may consist of a transparent conductive material 
such as ITO so that light generated by the electroluminescent layer is 
transmitted through these electrodes and the support so as to be visible to a 
25 viewer at the other side of the support. Typically, the thickness of the organic 
electroluminescent material layer is between 100 nm and 200nm. Typical 
examples of suitable organic electroluminescent materials which can be used 
for the elements 2 are known and described in EP-A-0 717446. Conjugated 
polymer materials as described in W096/36959 can also be used. 
30 Figure 2 shows in simplified schematic form a known pixel and drive 

circuitry arrangement for providing voltage-addressed operation. Each pixel 1 
comprises the EL display element 2 and associated driver circuitry. The driver 
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circuitry lias an address transistor 16 which is turned on by a row address 
pulse on the row conductor 4. When the address transistor 16 is turned on, a 
voltage on the column conductor 6 can pass to the remainder of the pixel. In 
particular, the address transistor 16 supplies the column conductor voltage to a 

5 current source 20, which comprises a drive transistor 22 and a storage 
capacitor 24. The column voltage is provided to the gate of the drive transistor 
22, and the gate is held at this voltage by the storage capacitor 24 even after 
the row address pulse has ended. The drive transistor 22 draws a current 
from the power supply line 26. 

10 The drive transistor 22 in this circuit is implemented as a PMOS TFT, so 

that the storage capacitor 24 holds the gate-source voltage fixed. This results 
in a fixed source-drain current through the transistor, which therefore provides 
the desired current source operation of the pixel. 

The above basic pixel circuit is a voltage-addressed pixel, and there are 

15 also current-addressed pixels which sample a drive current. However, all 
pixel configurations require current to be supplied to each pixel. 

In a conventional pixel configuration, the power supply line 26 is a row 
conductor, and is typically long and narrow. The displays are typically 
backward-emitting, through the substrate carrying the active matrix circuitry. 

20 This is the preferred arrangement because the desired cathode material of the 
EL display element is opaque, so that the emission is from the anode side of 
the EL diode, and furthermore it is not desirable to place this preferred cathode 
material against the active matrix circuitry. Metal row conductors are formed, 
and for backward emitting displays they need to occupy the space between 

25 display areas, as they are opaque. For example, in a 12.5cm (diameter) 
display, which is suitable for portable products, the row conductor may be 
approximately 1 1cm long and 20jim wide. For a typical metal sheet resistance 
of 0.2Q/square, this gives a line resistance for a metal row conductor of 1.1 kS2. 
A bright pixel may draw around SjiA, and the current drawn is distributed along 

30 the row. The voltage drops can be reduced to some extent by drawing current 
from both ends of the row, and improvements in efficiency of the EL materials 
can reduce the current drawn. Nevertheless significant voltage drops are still 
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present. This problem is worsened for larger displays, even if the total line 
resistance can be kept the same. This is because there are more pixels per 
row, or alternatively larger pixels if the resolution is the same. The voltage 
variations along the power supply line alter the gate-source voltage on the 

5 drive transistors, and thereby affect the brightness of the display, in particular 
causing dimming in the center of the display (assuming the rows are sourced 
from both ends). Furthermore, as the cunrents drawn by the pixels in the row 
are image-dependent, it is difficult to correct the pixel drive levels by data 
correction techniques, and the distortion is essentially a cross talk between 

10 pixels in different columns. 

According to the invention, there is provided an active matrix 
electroluminescent display device comprising an array of display pixels, each 
pixel comprising: 
15 an electroluminescent (EL) display element; and 

active matrix circuitry including at least one drive transistor for driving a 
current through the display element, 

wherein the device further comprises: 

means for determining an overall brightness level of an image to 
20 be displayed in a frame period; and 

means for controlling the at least one drive transistor of each 
pixel in dependence on a respective input signal providing a drive level for the 
pixel and in dependence on the overall brightness level. 

This arrangement can control the pixels to limit the maximum currents 
25 drawn by the pixels, thereby limiting the cross talk effects described above. 
For example if an image is bright, the pixel drive levels across the image (or at 
least a part of the image) can be reduced, so that the maximum brightness Is 
reduced. For a dark image, the maximum allowed pixel brightness can be 
increased. Of course, this is a distortion of the image. However, it has been 
30 recognized that a similar effect can be observed in CRT (cathode ray tube) 
display, where the brightness of an image is a function of the total light output. 
This in fact provides a realistic image. In particular, the increased brightness 
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for small bright areas (such as reflections of sun from water) provides a 
realistic appearance. The implementation of this effect in an EL display 
enables the maximum current along the row conductors to be reduced, such 
that the voltage drops are not sufficient to cause noticeable non-uniformity or 
cross talk in the displayed image. 

In one arrangement, a signal processing device determines an overall 
brightness level and processes the input signals for the pixels in dependence 
on the overall brightness level. This provides processing of the image data 
and requires no hardware modification. In this case a field store is preferably 
provided for storing the input signals for an image and the input signals for all 
pixels of the image in the field store are summed to determine the overall 
brightness. 

A look up table can be used for modifying the input signals for the 
stored image in dependence on the overall brightness level. 

In an embodiment of the invention gamma processing is used to control 
the peak brightness of the display. The gamma parameter is conventionally 
used in display or image technology indicating the display linearity in terms of 
e.g. input signal and output luminance. This may be done by recalculating or 
selecting a look-up table in dependence of the overall brightness level. As a 
result, for dark images the maximum allowed pixel brightness can be 
increased to provide the sparkling effect that is known for a CRT display. 

In another arrangement, digital to analogue converter circuitry is used 
for converting digital inputs into the input signal, and the digital to analogue 
converter circuitry can then be controllable in dependence on the overall 
brightness level. In this case, the pixel drive signals are again modified before 
application to the pixels, but at the D/A conversion stage. 

In other arrangements, the pixel configuration is used to provide the 
image modification. 

In a first example, the active matrix circuitry can comprise first and 
second drive transistors in parallel each connected between a respective 
power supply line and the EL display element. The first drive transistor is 
supplied with a first supply voltage and the second drive transistor is supplied 
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with a second supply voltage, with at least one of the supply voltages being 
variable in dependence on the on the overall brightness level. This enables 
the combined current supplied by the two drive transistors to be varied by 
setting the voltage of one supply voltage. This pixel arrangement is a 

5 modification of a conventional voltage addressed pixel. 

The first supply voltage may be fixed and the second supply voltage 
variable, and the range of variation can include the first and second supply 
voltages being equal. 

In a second example with a current driven pixel, the active matrix 

10 circuitry comprises current sampling circuitry for sampling an input drive 
current, the current sampling circuitry having a current sampling transistor and 
a drive transistor in parallel each connected to a respective power supply line. 
Each of the current sampling transistor and the drive transistor can supply 
current to the display element, and at least one of the supply voltages of the 

15 power supply lines is variable in dependence on the overall brightness level. 
This pixel arrangement is a modification of a conventional current addressed 
pixel. 

The invention also provides a method of addressing an active matrix 
electroluminescent display device comprising an array of display pixels, in 
20 which each pixel comprises an electroluminescent (EL) display element and 
active matrix circuitry including at least one drive transistor for driving a current 
through the display element, the method comprising: 

detenmining an overall brightness level of an image to be displayed in a 
frame period; and 

25 controlling the at least one drive transistor of each pixel in dependence 

on a respective input signal providing a drive level for the pixel and in 

dependence on the overall brightness level. 

The overall brightness may be a measure of the total drive level for all 

pixels or an average value, and this depends on the specific implementation. 
30 This method enables the total current to be kept within limits by reducing the 

maximum brightness for generally bright Images. 
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Controlling the at least one drive transistor may oomprises processing 
the input signals for the pixels in dependence on the overall brightness level 
and then applying the processed input signals to the pixels. For example, the 
input signals may be modified using a look up table, the address of which is 
selected in dependence on the input signal and the overall brightness level. 

If the input signals are in digital form, controlling the at least one drive 
transistor can comprise controlling the digital to analogue conversion of the 
digital input signal in dependence on the overall brightness level and then 
applying the analogue input signals to the pixels. 

If the input signal comprises a current, controlling the at least one drive 
transistor may comprise sampling the input current using a sampling transistor, 
and supplying the display element with current from the sampling transistor 
and a drive transistor in parallel, wherein the supply voltage to at least one of 
the sampling transistor and the drive transistor is varied in dependence on the 
on the overall brightness level to vary the total current supplied to the display 
element. 

The invention will now be described by way of example with reference 
to the accompanying drawings, in which: 

Figure 1 shows a known EL display device; 

Figure 2 is a simplified schematic diagram of a known pixel circuit for 
current-addressing the EL display pixel using an input drive voltage; 

Figure 3 shows a simplified schematic diagram of a first example of 
display device of the invention; 

Figure 4 shows in greater detail the implementation of Figure 3; 

Figures 5A to 5C show some possible drive schemes which can be 
implemented with the circuit of Figure 4; 

Figure 6 shows a simplified schematic diagram of a second example of 
how to modify a display device in accordance with the invention; 

Figure 7 shows a first example of a modified pixel for a display device of 
the invention; 
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Figure 8. shows possible drive schemes which can be implemented with 
the pixel circuit of Figure 7; and 

Figure 9 shows a second example of a modified pixel for a display 
device of the invention. 

It should be noted that these figures are diagrammatic and not drawn to 
scale. Relative dimensions and proportions of parts of these figures have 
been shown exaggerated or reduced in size, for the sake of clarity and 
convenience in the drawings. 

The invention provides an active matrix electroluminescent display 
device in which an overall brightness level of an image to be displayed is 
determined, and the maximum pixel drive current within the field period 
corresponding to that image is controlled in dependence on the overall 
brightness level. In particular, the pixel drive levels for all pixels can be scaled 
in dependence on the overall brightness. 

Limiting the maximum currents drawn by the pixels reduces cross talk. 
The resulting distortion of the image has been found to improve realism rather 
than detract from it. 

Figure 3 shows a first way of implementing the invention. The pixel 
drive signals are provided to signal processor 30 which modifies them in 
dependence on the combined (integrated) brightness of all pixels in the image. 
The modified drive signals 32 are used to drive the display 34 in conventional 
manner. The processor adjusts the pixel drive signals (which may be currents 
or voltages) so that the peak pixel current and therefore brightness is higher 
for images where only a small part is very bright that for images where a large 
part is bright. This provides processing of the image data and requires no 
hardware modification. 

Figure 4 shows one possible implementation of Figure 3 in greater 
detail. A field store 36 is provided for storing the input signals for a complete 
image, and the input signals for all pixels of the image are summed at the 
same time in a summing unit 38 to determine the overall brightness of the 
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image. The summing unit thus outputs the combined pixel drive signals for the 
image stored In the field store 36. 

A look up table (LUT) 40 Is used for modifying the stored image pixel 
drive levels drive in dependence on the overall brightness level at the output of 

5 the summing unit 38. In particular, a signal 42 proportional to the sum of the 
brightness values of the incoming signal over a full field period is passed to a 
look up table address generator 44, which generates an address of the look up 
table to which the pixel drive levels of the stored image are applied before 
being used to drive the display. The look up table 40 essentially comprises 

10 two or more tables which are provided with different characteristics, and the 
selection of which table is used to convert the data Is dependent on the 
brightness input. The field store requires a one frame delay to be 
implemented. 

By processing the pixel drive signals, many different drive schemes can 
15 be Implemented, either in hardware (with look up tables for example) or in 
software. 

Figure 5 shows three possible drive schemes. In each of Figures 5A to 
5C, the graphs show how an input pixel drive level drive is modified to provide 
the output. The input and output may simply be considered as the original 
20 brightness level and the modified brightness level. 

In Figure 5A the three characteristics 1 to 3 are different linear gain 
values. Plot 1 provides no nrradification and is used for low brightness images 
where the maximum brightness can be tolerated. Plots 2 and 3 decrease the 
pixel brightness by different ratios, for images which are bright over 
25 progressively larger areas. 

In Figure 5B, plots 2 and 3 are non-linear and in Figure 5C all three 
plots are non-linear. In each case, plot 1 is for the lowest brightness image 
and plot 3 is used for the highest brightness image. 

The characteristic of Figure 5C can be used for gamma processing in 
30 order to obtain the sparkling effect. This gamma correction is necessary 
because in current TV systems, the input video signals are processed to be 
displayed on a CRT display. On such a CRT display, the relation between the 
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input signal and the output luminance L is of the form L = (input data)r, with y 
between 2 and 3, resulting in a non-linear shape as in Figure 5C. If the 
employed display has a different relation, the input data should be corrected 
accordingly, which is usually done by means of a Look-Up-Table. This 

5 correction mechanism may be adapted to control the maximum brightness of 
the display pixels via the diagram shown in Figure 4. The video data is stored 
in memory (36). The overall brightness level of the image is determined (38) 
and the gamma correction LUT (40) is altered by a LUT generator (44) to set a 
certain maximum brightness depending on the overall brightness level. The 

10 total relation between input data and displayed luminance should have the 
shape of Figure 5C. Images with a low overall brightness level will have a 
higher maximum output (curve 1) value than Images with a high overall 
brightness level (curve 2 or 3). 

Figure 5 shows three possible scaling values for the image, but of 

15 course there may be many more, to a limit where is a continuous change in 
drive characteristics with brightness level. 

In Figure 4, the image modification is performed with look up tables. Of 
course, the modification of the pixel drive signals may be under the control of 
an algorithm or other software implementation. For example, the linear case of 

20 Figure 5A can be implemented simply with a multiplier with a gain control 
signal (i.e. a control input for the multiplier) being derived from the overall 
brightness. 

In Figure 4, the analogue drive signals are modified before being used 
to drive the display. The image data will typically originally be in digital form, 

25 and in this case it can be manipulated in software much more readily. 

Another alternative is shown in Figure 6, in which the digital to analogue 
converter circuitry used for converting the digital image data into the analogue 
drive signals inputs is modified. The control voltages 50 for the D/A converter 
52 are generated by voltage supply circuitry 54. For example, the D/A 

30 converter can be a resistor chain, and the input voltages which define the 
voltages on the resistor chain can be switched (schematically shown at 56) to 
very the output range and the way the output voltage varies across the range 
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of digital input words. The control 56 Is then dependent on the overall 
brightness of the Image. Again, the pixel drive signals are modified before 
application to the pixels, but at the D/A conversion stage. 

The manipulation of the image data provides the flexibility to implement 

5 numerous addition functions. These may optimize the system for particular 
display types or for particular types of image. 

A timing controller can be incorporated which prevents sudden changes 
in gain from one field to the next. If small steps in gain are implemented, then 
when a change in overall brightness is detected, it may be desirable to step 

10 slowly from the current look up table (or algorithm, or D/A control) to the 
desired one in stages, so that sudden changes in the image are avoided. The 
same rate of change may be applied for increases in gain as for decreases in 
. gain, or they may be different. 

The overall brightness may take account more of the certain parts of the 

15 image, for example the center of the image. This may be appropriate if 
connections to the row and column conductors are made all around the 
display, because the resistance to the edges is much lower for pixels near the 
display edge so that the currents drawn by these pixels have less effect on the 
cross talk problem. The "overall brightness" thus may be derived from a 

20 portion of the image in the center or else may comprise a weighted measure 
with parts of the image near the edge contributing less to the summation. 

In the examples above, the image data is modified before being applied 
to a conventional display device in conventional manner. It is also possible for 
the pixel configuration to be modified to provide the image modification. 

25 Figure 7 shows an arrangement in which the voltage driven pixel 

arrangement of Figure 2 is modified to provide control of the peak brightness in 
accordance with the invention. All of the circuit element in Figure 2 are 
repeated in Figure 7 with the same reference numbers. Figure 8 shows the 
transfer characteristic of the circuit. 

30 The circuit is modified by providing a second drive transistor 60 in 

parallel with the first drive transistor 22, and connected between its own 
respective second power supply line 62 and the EL display element 2. The 
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first and second drive transistors can thus be supplied with different supply 
voltages. The power supply line 26 has a fixed voltage V1 applied to it, but the 
voltage V2 applied to the second power line 62 can be varied in dependence 
on the image content. 

s If the overall image brightness is low, then the supply voltages are 

made equal, V1=V2, and the transfer characteristic is steep (see the top plot in 
Figure 8) because the two drive transistors are in parallel. If the overall 
brightness increases to a point where problems with excess voltage drops 
occur in the conductors, then the voltage V2 Is reduced to reduce the gate- 

10 source voltage. This means that the second drive transistor 60 is turned off at 
low values of input drive level (i.e. low gate-source voltages), and depending 
on the exact value of V2, the second drive transistor 60 starts to turn on for 
higher brightness level, but still operates at a lower current than when V1=V2. 
Thus, the transfer characteristic in Figure 8 is less steep and the peak 

15 brightness is lower, hence the peak currents flowing. 

In this arrangement, the combined current supplied by the two drive 
transistors is varied by setting the voltage of one supply voltage. 

The circuits of Figures 2 and 7 are only example of voltage driven 
pixels, and other possibilities will be apparent to those skilled in the art. 

20 Figure 9 shows a current driven pixel layout modified in accordance with 

the invention. 

The pixel 1 has current sampling circuitry for sampling an input drive 
current on the column conductor 6. The current sampling circuitry has a 
current sampling transistor 70 and a drive transistor 72 in parallel, each 
25 connected to a respective power supply line 74, 76. The current sampling 
transistor 70 and the drive transistor 72 can supply current to the display 
element 2. 

The current to be sampled is supplied to the pixel through an address 
transistor 1 6, and a storage capacitor 24 stores a gate source voltage of the 
30 drive transistor 72, as in the pixel arrangement of Figure 2. 

To address the pixel circuit of Figure 9, the voltages on the two power 
supply lines are equal, namely V1=V2. The address transistor 16 is turned on, 
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and a first isolating switch 78 isolates the input current from the display 
element. A second isolating switch 80 is closed to allow charge to flow to the 
storage capacitor. When the circuit has reached a stable state, the current 
drawn by the column conductor 6 is sourced by the sampling transistor 70, and 
5 the storage capacitor holds the corresponding gate-source voltage of the 
sampling transistor. If the two transistors 70, 72 are matched, this also 
corresponds to the gate-source voltage of the drive transistor 72 for the same 
current. 

The current mirror can however be asymmetric with the two transistors 
10 having different sizes- in this case the pixel itself provides some gain. 

All pixels are programmed (i.e. the storage capacitors charged) with 
V1=V2. Furthermore, the cathode of the EL display element 2 is held high by 
switch 82 to reverse bias all the display elements. Once the average or 
combined brightness is known, the power level V2 is reset according to overall 
IS brightness. 

If the overall brightness is low. then power level V2 is set just below V1 
so that bright pixels (at least) receive current from both the sampling transistor 
and the drive transistor. If the overall brightness is high, then power level V2 is 
set lower to completely turn off the sampling transistor. 

20 After the value of V2 is set, the switch 82 switches to earth to turn on 

the display elements and the isolating switch 78 is closed and switch 70 open, 
so that both transistors can supply current to the display element 2. 

The pixel transfer characteristic is again modified by selection of V2, 
and the current mirror pixel has the advantage that non-uniformity of transistor 

25 characteristics is no longer an issue (as it is with the circuit of Figure 2). A field 
store is not required in this case. Instead, an accumulator can sum the drive 
currents during the programming stage to enable the overall brightness to be 
evaluated. Thus, the field period is divided into two parts - a pixel 
programming part when the LEDs are off and an LED driving part where no 

30 pixels are programmed. The pixels thus act as the field store. Whilst the pixels 
are being programmed, hardware in the driver circuitry will be accumulating 
the data to find a total brightness figure by the time all pixels have been 
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programmed. This allows the level of the second power line to be set and then 
the LEDs are driven. 

The isolating switches are of course implemented as transistors. 

Essentially, the invention involves determining an overall brightness 
5 level of an image to be displayed in a frame period; and controlling each pixel 
in dependence on the original pixel drive signal and in dependence on the 
overall brightness level. As will be apparent from the above, there are 
numerous ways in which this can be Implemented, either in hardware or in 
software and either in the digital or analogue domain. The invention can be 
10 used for voltage or current addressing schemes. 

Various modifications will be apparent to those skilled in the art. For 
example, the circuits above use PMOS drive transistors. There are also 
NMOS implementations. 



15 



